AIm: Shunting and endoscopic third ventriculostomy for treatment of hydrocephalus have their own complications which make the management of such patients more difficult. We have examined the subfrontal route to fenestrate lamina terminalis in order to achieve relief of hydrocephalus in eight consecutive patients. mATeRIAL and meTHods: Eight patients with the diagnosis of hydrocephalus were chosen. A supraciliary approach to the central skull base was used to fenestrate the lamina terminalis to allow cerebrospinal fluid egress from the third ventricle to the basal cisterns.
InTRoduCTIon
Few dilemmas in the realm of neurosurgery are more perplexing to the neurosurgeon than hydrocephalus. Since the first documented attempt to its treatment by Hippocrates in 500 B.C. (15) , hydrocephalus has been a major challenge in medicine, even lasting to date. Having a wide variety of causes, time courses, presentations and complications, it has forced contemporary neurosurgeons to select CSF diversion techniques as the most common treatment. A relatively new emerging technique (ETV) has shown promising results and is replacing the traditional shunting technique in some forms of the malady (13) . In this paper, we report 8 cases of microscopic 3 rd ventriculostomy via fenestration of lamina terminalis through a small ellipsoid supraciliary craniotomy.
MATeRIAl and MeTHodS
Eight cases of different causes and durations of hydrocephalus with a mean age of 31 year (ranging from 11 to 46 years) (Table  I ) underwent ellipsoid supraciliary craniotomy (Figure 1 ) to reach the lamina terminalis. Patients with recent hemorrhage or massive brain edema, which would possibly get worse by direct surgical manipulation, were not designated for this approach and underwent routine shunting procedure.
Technique
The patient is positioned supine with the head being 20 degrees upper than the heart. The neck is extended to set the malar eminence as the highest point in the operative field; this helps gravity-related retraction of the frontal lobe. A linear incision is made in the right eyebrow, while caring for the supra-orbital artery and nerve. The frontalis muscle is incised parallel to the skin incision and retracted by stay sutures. By placing two side by side burr holes (1 inch apart) in the supraciliary area, and ellipsoid craniotomy is performed (Figure 1) , and the dura is opened in a linear fashion. At this point, the operating microscope is brought into the field and a small brain spatula is used to retract the frontal lobe off the orbital roof. Cerebrospinal fluid aspiration via a previously placed ventriculostomy (if present) catheter greatly aids in safe and effective frontal lobe retraction. As soon as the right optic nerve and right carotid artery are identified, the arachnoid of the optic and carotid cisterns is opened to allow more CSF to egress. Then, attention is directed toward the inter-optic space and the optic chiasm. Passing a few millimeters back over the optic chiasm leads the surgeon to a thin translucent gray lamina which forms the anterior wall of the third ventricle (i.e. Lamina Terminalis). This lamina is fenestrated widely with the help of microscopic hook and dissector, such that the lateral walls of the third ventricle are clearly visualized. In previously established cases of hydrocephalus, the lamina terminalis is wider and thinner than normal and bombed toward the surgeon, and therefore its identification and fenestration is easier. Care must be taken not to injure the arterial structures (i.e. the ACA-ACoA complex).
After opening the LT, one could see the free gush of CSF through the fenestration. It is important to avoid traumatic hemorrhages while approaching the site of LT, because any blood in CSF space could have a deleterious effect on the result of surgery. The retractor is taken off the field and the dura is closed in water-tight fashion and craniotomy is closed without placing a drain in place. In cases that the frontal sinus wall is violated it should be closed and packed to prevent CSF leak. However, attention to the preoperative images could avoid this complication by placing the craniotomy a little more laterally to avoid breaching the frontal sinus.
ReSulTS
All patients improved in terms of clinical signs and symptoms such as, headache, dizziness, diplopia, papilledema, etc., and/or radiological evidence of hydrocephalus within few days of surgery (Figure 2A ,B). There was one case of Chiari I malformation and hydrocephalus whose symptoms of long tracts and syringomyelia started to improve following the operation for LT fenestration. Neither postoperative intracerebral and intraventricular hemorrhage occurred; nor did patients need a second surgery for CSF diversion. All patients had uneventful post-operative course.
In a 6-month follow-up period no recurrence was observed due to re-stenosis of the opening.
dISCuSSIon
Treatment of hydrocephalus is still a major challenge to neurosurgeons. With shunting procedures, we face the burden of malfunction, infection, shunt dependency, over-shunting and other complications. This has caused other treatment modalities to be devised in which foreign bodies are not implanted in the body. Endoscopic third ventriculostomy, first introduced by Guiot in 1970s (12) is reported to be safe and effective (14) . It is especially advantageous in two aspects:
(1) the avoidance of foreign body implantation and (2) the establishment of a "physiological" CSF circulation (9) .
Why try to find an alternative to ETV?
The technique of ETV has its own drawbacks, however. Injury to the basilar artery or to its branches (i.e., the vessels present in the interpeduncular cistern), although rare, is an extremely severe complication of ETV. It has a prevalence of 1% (9). This risk is escalated when the floor is thick/opaque due to acute hydrocephalus or previous diseases such as infection (9) . Furthermore, slit ventricles in cases of shunt malfunction might make a standard ETV impossible (17) .
The anatomical structures most commonly damaged during ETV are the walls of the 3 rd ventricle and those delimiting the foramen of Monro (9). Short-term complications are usually due to silent contusions of the thalamus, fornix, or the mammillary bodies secondary to the incorrect manipulation of the ventriculoscope and/or instruments (9, 21) . This risk is increased in cases of anatomical variations which are relatively common in infants. Impairment of short-term memory (4), non-focal neurological deficits such as confusion and impairment of consciousness (2, 9), post-herniation syndrome (3), "aggressive behavior" and "disinhibition" due to frontal lobe injury (4, 9), hemiparesis (5), and other complications have been reported as the neurological complications of the procedure.
Complications (transient bradycardia and other intra-operative cardiac complications) due to hypothalamic damage are not uncommon in ETV and are reported to be direct side-effects of the endoscopic technique within the 3 rd ventricle (9).
Subdural fluid collections after ETV are reported to have a prevalence of 0.5-1.5% in large series (21) which some believe to be even underestimated (9, 24) especially in infants with immature absorptive mechanisms which favor the escape of CSF through the cortical tract of the ventriculostomy into the subdural space.
Intraventricular hemorrhage is the most common complication of ETV that might prevent performing a safe ventriculostomy in which case the procedure should be terminated (6, 9) . This problem might be more common in infants because of unfavorable anatomy (smaller foramen of Monro, larger interthalamic adhesions) (9).
Why Lamina Terminalis?
Lamina terminalis, forming the anterior wall of the 3 rd ventricle is intimately related to the basal cisterns, and its fenestration, can be a conceptually logical means of 3 rd ventriculostomy as an alternative to ETV (17, 22) . Other reasons include: (1) the LT constitutes a clearly identifiable microsurgical target, (2) minimal amount of retraction is needed to expose the LT and there is generally no need to mobilize the ACA-ACoA complex, (3) perforating branches to 
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proper positioning of the patient will nearly eliminate this problem and drilling of the orbital roof will not be necessary to increase exposure of the central skull base in most cases.
We think that this approach is not suitable for patients with large frontal sinuses which could be entered during craniotomy and cause CSF leak and related complications.
It has been said that this approach needs the opening of the Liliequist's membrane as a necessary step (25) . Contrary to this view, along with Akyuz et al (1) we think that this step is not essential as we did not open this membrane in the present series and observed the favorable end results in our patients.
ConCluSIon
We report eight cases of microscopic third ventriculocisternostomy via a supraciliary subfrontal craniotomy and LT fenestration for the treatment of hydrocephalus, with satisfactory results. We think that this technique has some advantages:
(1) no need to traverse neural tissue and hence less neurological complications than ETV, (2) no need to endoscopic equipment and the demands of the endoscopic technique, (3) less risk of vascular injury and hypothalamic damage compared to ETV, and (4) effective treatment of hydrocephalus. However more sample size is necessary to attribute good results to this alternative approach to ETV.
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The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. the hypothalamus and optic apparatus do not interfere with LT fenestration in most cases (8) , (4) fenestration of LT is a safe procedure, provided that the relevant anatomic landmarks are identified, and (5) most importantly, the allowable extent of LT opening is sufficient to provide wide access into and free CSF flow from the 3 rd ventricle (8) .
Moreover, it has to be noted that during ETV, the surgeon faces the membrane to be incised (i.e., floor of the 3 rd ventricle) prior to the visualization of the vessels in danger, while in the described technique of microsurgical fenestration of the LT, the surgeon first encounters the vascular structures to be protected and then the membrane to be incised which theoretically decreases the inherent hazard of vascular injury present in ETV (16) . It has also been said that in certain circumstances such as in patients with low-grade gliomas of the midbrain and pons, fenestration of the LT might seem superior to ETV since a blockage of the CSF circulation by narrowing of the prepontine space including the site of ETV, might be avoided for a longer time period (17) .
The lamina terminalis, a thin transparent whitish membrane of gray matter, forms most of the anterior wall of the third ventricle (8, 10, 19) . The length of lamina terminalis (distance between the anterior commissure and the optic chiasm) is reported to be averagely 8.25-9.75 mm (range 6-17.5mm) (8, 10) comprising a generous surface area of about 52 mm 2 to be fenestrated (8) . Fenestration of the lamina terminalis is not a new microsurgical technique. Microscopic 3 rd ventriculostomy via opening of the lamina terminalis was first introduced by Dandy in 1922 (his proposed technique required sacrifice of one optic nerve and bore a mortality rate of 15%) (7). Later on, Scarff reported a treatment method for hydrocephalus by puncture of the LT (± floor of the 3 rd ventricle) (20) . The technique of 3 rd ventriculostomy, after its hibernation during the "shunting era", was revived in the form of ETV. It seems that we are facing the resurgence of the technique of fenestration of LT as in the management of subarachnoid hemorrhage (1, 25).
Access to the LT cistern is easily provided by a subfrontal microscopic approach through a supra-ciliary craniotomy. Also, endoscopic subfrontal approach to this area has been described in a cadaveric study (23) . This approach would also facilitate the opening of chiasmatic and carotid cisterns along with the LT cistern which helps the diversion of CSF from the 3 rd ventricle to the basal cisterns.
Caveats and Complications
Reisch et al have nicely listed some important "tips and tricks" to facilitate the supra-ciliary "key-hole" craniotomy and maximize the access to the cerebral basal structures to which the reader is referred (18) .
In one of our cases, the access to the lamina terminalis was difficult due to a high slope of the floor of the anterior fossa. Coarse undulations of the orbital roof can obscure the angle of access to the chiasmatic region. We believe, however, that
